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[it*]i4] HuiaiisJi^^. i^-ry^mco^mi/zjB^ lo 

[ m-mm e i ifriBifisRii i t s o v ■>t'i^;^)4-ieK 
omtexftsr, ^ cornea J:mkf3\iic7)^m^¥^m'ti> 

DWft '^ixTmfiBxfit>6^?&^s ^^mm^m.Tm 

{t^.tLTmnBXS,i;cOggSt$rail^^lE«l-lr>'-9-i: $rfl 

7-. wmmMv^<7:>%-n\.z-m->\^x . mitviv^^y 

-HMzmn^itfzW,! , W,2.(^^\,zi.^^Q(^mz 

friBijssa A )v^mm-h% 1,^2 co^i^oiEa:^r[6i 

)V(r>^mm.'^mtA.-:><mit-<^^%n'&(rm&-th 20 
<mih<riwmiz^n\^. is^^mmmth 2^(m.'t-<n 

[it5i<]a9] mtmMmi^j:^^L5cn\^^Mztm 40 

mwmi.T.mmm^fihttuz^ mmum 

[0001] 
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^:^.m:X'f«M>'X7^AtcM-r^ . 
[0002] 

m^<^m^l -^t. KU;l^^U-v=5:f fO[MlteXB 
t:<J;-5T5^^tt ■ Wi'J ■ W«'?-£7)fl!i<7)a^<7)JiiX$-^Ta 

x#i^ii-r-{±. mmjLmzi)^i3>->x\^^ Viv-^^^mm- 

o^x-mmxhi,. 

[0003] icT) cfc a ^riiiKwt:*^*^-^ b/t'^' Sri^m-r 

t^h^. m.MMmM'^ — -jx$:,^ 

^m'&mzmmm^^^i-^tfcmizmmm^mt-thm 

i:'iO?t®ffi#:T'?FML , ^mmcOiMMI^zMm-th J; 3 

[0 0 04] ^LT, -Jjcr)zirimm^(nmj3\^t^ 
mzmm t . mifc^^ nrnj^iin t m.x-thif\^iznm 

[000 5] 'ico^tmx\ ^i^mm^i^zh/i-^muhh 
t. ^.i^tixm(o<^'\:4^i>zMLx±4 5m(ou\^^z3m 

^-fti-rSo zcommmc^^^^ti:. ±iB2-ocon-<;ko— 
yf^zxmmm ^mtx mm-t ^tthi,z^ m^(D ^ ;p 
t-him^M^\i^t'Lti,zi: ^mmm<^mm^m\i^ 

[0006] 

■^y^im\^tzV}V'^<Dmmzi5\,\x\,i. mfeioit/ii 

:^r(^iI^o^i^X#i^^*^■i^^S^^I. U^P^y-v^rt-odl 

m.iLmz-^Lx. ^<D^-^vivi?^y^^m^<D^m. 
mwrcmm.m(,zM^nn. w^aximn^^^z^mt^ 

[0007] -^t:. dlteXM-f {i, 

^zmmLxmm]^j:T-i^-t^±% <^j:^ . mz. mmx. 

[0008] A:M<7)M^zm^X^j:^fitziL>cr) 

xh-yx. wmmti:T-i-'^-i:±mt<z^mLtzwm.JL^^ 
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[0009] 

[0010] msim 1 co:^mmi±. x#w 
i^zmm^iixmmi^^ tthi^z. mifi^i^z^m-t^ hise 

mmmmM^itx^^^. lo 
[0011] m^m2cr)^?tmi±. ms:m i onngxa 

[0 0 1 2] if*JB3 0:*:%BJ{4. It^IS 1 S 3t{4 2 CO 

mteXflrtfev^T. JLM<7)9miztJ)X^^LX^-^^ . 
[0013] it*ll4 03|s||BJ5{i, |t5l<JI 1 t fzli 2 C7) 

[0014] If 5|<IB 5 «*^BJ3{i: . If 1 i fcJ4 2 CO 

ifXTV*-l.o 20 
[0 0 15] it5l<JB6cO*^B^{4, ifjUJBl^l^LScT) 

V^-rtlJ&HclEKcOEIKXttSr. ^c^m&Xt/mijl^^) 

71-^7 -fe ytf^i. SIS:?" -y V- A t TF;fSco{4«Mf^-e 

[0016] lf^lI7c^:$:%Bj£0h;k^'^^ai^S{i:, If 
*JM 3 t fcJ4 5 £7) V ^•fti/jH^iaiSjOlUlKXa i: ^ KrfEX 

frier'y^it;K"9Wt^>ttTl|frlEXft 30 

■fe ^: , mmy -yl^^ ^zM 0 #(t 'i>ti,TMf BXi h cr, 

[0017] m>ms<7):i^%m^i. w^JBeoy'y i^^ 

Bic^ I. m 1 , m 2 i^)^IScoiBB:^fSi t , MIBI^ai n >i 

om 1 , m 2 co^iicoie«:^[fti i: ^m^^m-cmi^^h 
ocoa^ii^co 0 -hmMcomti-t^ 2-:>cDm'\:--commizm^ 

L. /{)^oMf5l^ff-r^2oOjl'C^coffia:^rfS]Sr. fffiax 

[0018] it5l<Il9C03|5:^B^<r)Xf^^^i/y!.-7^A{i:, 

If 5[<il 1 ^ 1 5 COV ^m/0H:iiattcO@SEXft ^: . If ^ 
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Six^tttt, MlD]SEXft*ISIteiDj;?>MS-ii:^X 
mi^'yi^^l^zMKimf^tifzmmhfl'^'^ 

com* t:«-:3"v . mi^i^mm^mm^^mm^ 

[00 19] 

[#ffl] it^JBlco*^B^tcJ;ix{±\ HUgxao^^f-Stc 

Mm^x^i^-^±m^zi&mT^ . \3\^jiM^zt-^-^ 
[0020] m^,2co:^mMizj:mi. msmmt t 

^X'^tbbh^z. +%t£m^int^btfiX^h<r) 

[002 1 ] it^ii3co*^Bj(; iixtf ^ ^vmzmx'k 

t-^h'K<D:HH^mifhtzibcr>m) ^*-r§^> K ^))Vt£ 
i: tiSffl-f-l. i t =t 0 . 1 * ^{4 2 mk<7)^ 

[0022] mim.AcoifmmzMi. i-^y^mz 
mMmmmLx\-^hc7)x\ mn^. jjmzfm-t^c^) 
izkt^xm^izwmx^ ^bbhiz. hfi-^^^iDmrntf^m 

[0023] lf^ll5cO*%BjtcJ;fiH\ J)mzmMm 

imss.Lx^'^^c^^x. mn^. xhu-h'^^yi^^x 
yjV'!? ^m!xX% ^ i 3 ^: K y )vm\izii \^x%,.mm. 
mmm-^ttfz-Bux ^ki^mzm&x^ hzbiz 

[0024] m^me<7):^9tmc^)y"-/i^At,zxtii,£. m 

x^n-t^bbi^iz. mM^cr>h)\^^-ty^t\ stir 
-y 5/ jE. izM Lxmi^coimmi^xm o #tt tir 1. ^ co 

h)V^-^y^bm^^WlS,^tiX^''^mW:T.Mco 

^mmt<^{mmi^ ii^ur^yx) tmM<o^mb^j: 
tlItexa^r)[p]|g4,{it*>^.^?l^[*|BI^;^i^^LTv^^ 

[0025] m^7co:^mmco hii-^^iffi^atc 
{4\ -ej^s^-^TiJSP^^-r^iMifexfitcfc'v^Tti. Msii*^' 

wm^tifz hji'^<7)mii!,mmb^j:h^-^b . ^fim\-(D 

^^bXi±. ^commizJ;:'yXm^^iOhJ\^^-ty^b 
<rm<n9^)r'7y7.ifim^£h^b\,zti:hifi. Eg«l-iryHf 

<n)^-f]\zm-3v^x . mtm.'&mm^.znmth^mt^viv 

[0026] if3<Il8C0*^BJf07" y ^ j-tc ^ 
SitcO hJU^-^ y^li , miKXitc b JV^ifiii^ii^'^ X \ ■> 

Li)-h. mm^-i )vmhzm\iLtz^wM^ 
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[0027] mi^m9(7):^mmcoj:imm~>--^r-i^izi. 
mi. mMm^xr>i^-ti-±mzim^tifzm^jiMi,zt- 

^■^y^-cm^L. ^mzm^^-^x. m^xM^mm-t lo 

mmLx'R^Lfzmm.^w^X'%h:iti<z-^£h. 

[0 0 28] 

[ 0 0 2 9 ] la 1 {i. ^^mm-mmmi^zi^hnf^mm 
i^x^j^crnimmmmx'h^ . nm^zi^x^x. ut^m 

Xfti; LXcr)i]yY\))V2tmm^ti.tz:L\'mm. 3{i 

xif^j) . 4^s;^?>^■u;^2^lHl^6^^j;(:^■^iaf^•!Igftt 20 

^m-^^^-yiy:!.. 3\i:L(^y-/i^^A\,znM^tifzm. 

[0030] Jli^mmHt. ;9"VKy;W23&«^«§tLi. 

1 Ok^mtXX^i,. 
[00 3 1 ] SiJ«¥S6{i:. h;P^^ry-9-5oaj:f:^Jt 30 

-:5?12i:. ^'nnyt°A-^ 1 2i3 .tt/Ty 

n iotfi:^j(;K':3'v^T, x^MMio^^-rJ-g, i 
oimm-t^miimm (no 3i;^ffl^-cv^ 

I,, v-f ^nrj>-f J.— 1 2{i:. V)V^'^V^3<D^ 
tiiiK f!!bm>i-zL%\M^mttzb^\>zi,i.. tm^^ 
*atT^-^9, 1 0i^ai:'j^<£<$'J#PL. ttz,m.m. 

mmmm.1 3i,i.. v)v^'\zy^5cr>\i^Mzm-^x^x. in 

m.^m^LX'^-^9, 1 0trff±§itl.t<7)T-*)l.„ 40 
[0032]|M2{i. mi cr,^y K )j jfiwfit;:A:ia-r- 
350. ^'>'K'J;P2{i:. t-^-y^l4^-ALXX\fy\i 

)P8izmm$ix^tthi,z. mfimm § n;^^ y yi^a. 
4iz. mmiiixt/mmmtrffm^h^mx-^^fix 

K y 2 ^«!ai^^?lSj(;<o -fey 
[0 0 3 3] ia3{i:, h;k^'-fe>-+?-;6^"K0#{t^il/::7'' 50 
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'yy^im(oij;,jzmmmxhK>. 114 a. ^commm 
mx'h^. 

[0 0 34] y-/i/A4(i. WM^COh/V'^'ty-^b-fy'^ 

M 5 al,Zi3it±>!b'thfclsb<7)m.Hlll 7 siil^mm^tl 
fzy^y=JMl7t. Pi^^l8ti:^^tti>l,z. 

^fl^^^ie, 17, 18cr>'^'(>imM-t6M?ll9 

^*LTi3 D . zcom^i 1 9 U)U2tmmt 

h . ^ 1 9 OF^MJi. H U ;k 2 <7)i'[^^t;{5{? 

fi. :^'y]^ V fU2timm-ri>m?ii 9izm3zT^J:d 

TL2 0 :^;%M§liTV^ !> .,., 

[003 5] .1 c7)J|Jfij^JoK^5(:<7) b;^^ -Ir >'-9- 5 Ji. 

5b, 5ctimtxt5^.mm^2i^ifrLxyy 

^A4t;K'9#(t'^^x-?>„ 

[0036] 2 1 {i. 7'yi^a.4 COM^^COM 

1 6 t±*t>-r^fc46£7)]Dim2 2 a ^^r-r-i. y 

=7y'Jm2 2h. rv>'A40lRm2 0t:K^-f-SH 

«si52 3 1 . mm<7y^j]xmm^ix.fzv]m^m2 At^ 

*LTiDDs -en.^>#gP2 2, 2 3, 2 4^Mji-r'I.JR 
*ftTLt:h;^^-fe>-9-5S:iR*ftLfv:^fc^T\ mriSP3it^g|I 

2 4^^i' .XT 5SrJR*l*!ll^-r-g.o 
[ 0 0 3 7 ] ;<7)||}6f^JT1i:, V)l9^y^^W-5a 
ia5(7)i4c^l2l(c^§ix-l>J;dtc. Ra4ftc7)rcr •/ 
^ ^1 J; 0 , 4*OJl^[l^/::^jilgp 

2 5 a~2 5 d;t)^?^j3g,§.ixfc:7a:^^' b^ftfOit^^CO 

iSv^aT2 6tc. n-mAtti-^^^^x^wm^A !V2i tm 
(^^mmmi^zmm^^ i. a triss^tLi, nT2 bcr) 

IHIgB2 5 a-2 5 dcOfflSjSaiOMtiftffi^^tCtmSDXS 
[0 0 38] M:^^/^ 27 {i, mimzm'm.con-9 

~ymfm^ix^'t\Mm^fifzm i , m2to^ii2 9 , 

3 0^mt.micn>mm2 9\i. mU2 3a., 2 5b(7) 
JSiei^^IIIL. m2c7)^3 0{i. PgP2 5c, 2 5d 

[00 39] ciaiCiDs M^^2 9, 3 0{i:. 

iixtj; mm.^^ ii'2 7izmicomm2 9im^'^m 
9,30 \H^mmwiti^ ■LtiizKs^. 

[0 04 0] mmiz. mtii^^f\^2 8l±. rjrc0lFgE2 

5 a, 2 5 dcommimj^i^-yWcfzif^lMi-t^^dliZ 
LXmf&^tlhm 1 (7)^3 1 t , ^cDlg 1 C0^^3 1 



(5) 

7 

com\BiJji^tMj3\^^mm2 5 b , 2 5 ciomm^fnm 

[0 04 1] ZtHZX^. mm^-(/l'2 7cr)WMJ3}^ 

2 9, 31) ipmmmt£imMLtim. mjfcomm 10 
(mmm2cowM3 0,32) &iBi-tiim/iiti£:^[^ 

tS[Bl-r^J;a(:iLTtJ;<. tfc. M:^iOS«t^3cS 

[0042] S ^> t ^ i7)Mtf^JTii, 11^:3 -f ;L' 2 7 C7) 
^r^Pg|52 5 a- 2 5 d c7)|fflMWCffiM t . t;!)^i. . Jt 
igrj-<;i^2 7{i:WMJ^feS^tfiK$-ti:l.« ^ffi 

a-f;1^2 Sii. Pg|5 2 5 a --2 5 d tOffiTCffllCfjiM $ 

PgII2 5 a~2 5 di^miiJtCidH-f-|> ) T i < . 
fz. V^-TixOieST-fc-^Tt . m^4)V21, 2S^m 

[0 04 3] *>3&^|.i|ijSc?)b;l'^'-fe>'-9-3|s:#:5aSr. H 

3, ll4tC7K§ix.g.i; *JEffi^^O^^--X5btJR 

?ISajtfL;0^'^23|sc^y-KiS3 3i: L-C^l^ajSix 30 

^-x5 c^7)^>^■y7^2(cK5tf^iloSffi(i;. =jr 

2 6 0PgP2 5 a --2 5 dOPBScmiffi^:f5l«tCftffi^ 

[0 0 44] i<7)b;t/:;'-fe>'-t?-5^, JX#g|IW2 1 
LXy-^i^:LAl,ZM^mirhmz. . ar2 6cDP@|32 
5a~2 5dtOffiJ5cMSgPOfa«Sr. ^-y i^A4 0tt"ll^ 

4Srffa-f-i.;^?>KU;I^2(cM~ri. ViV^^v^^com 
mam., -t^xhib. W@P2 5 a^2 5 d COMmWiigP ^: 

0yr V /i'2<D^mmtco^ ur^yxhm&J:<ii.m. 40 

[0 04 5] ^-^}-6mf&iz^^ztiz^'o. mm^^^m 
m=i^)V27 [zxm.w^c^h . mm%m\z^ d «itfi 
^A)v 2 8m\,zmmn&.imm^iv^n'&'n-xmtm'^ 
^-n^f\.h. Z(nm. ■»yY^)iV2\,zviv'^ifiis-i}^h 
h . mmmh^z j; d k u ;p 2 ^mmmtii^it-tt 

fzitm^A )V27 , 2Smxcr>m^<^§^ifm:>h. J; -3 50 
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x.m^zi4)V2 8t-^^\i^ti^K^ m^comm^it-f 
h . ^1 (^mm^mtii-t^ i t i o . :^y'PUfV2 izm 

-So 

[0046] ZCDmmmX'ii. :^yVU)l'2i,zX^'7~ 

^ 3 <Dm\<Dmizii. ijy Y- V ju 2 cr)mj]\^<r>mmm 

izi^-yX. :^'yYV/l'2(r)XhU—h>-^yi:^^t\ h 

fu^-^y^scomtamzw,^^ zcoxvi^-hi^-^y^ 
[ 0 0 4 7 ] ;if> K y }U2^mm.m±. f^se^tm-s 

(/''ap.1M3&^"$>'l.>0\ ^c7)^ffi<?iJT-{i. :i{)^:^i^.&mS;Strflf 
m-^fcibiZ. <^cr>Xol>zmf&bX\>^^. 

[0048] , comMmcoA'y y ;p 2 cox 

/^^^f'D^i.^'y^ii {mM.m) 3 4iimf^^tix^^^. 

[0049] itO— ■y^;l-;^ •y^Ji34{i. M 

iir^x-7mm^x E<n^'mz x-yxmf&.^fi. z <^mm 
[00 50] zcommmxn. mmmmt lx. -y^ 

{i:5r< . N i -C o-^^, N i -C o-C r-^^, N i -F 
e-^^. Fe-Co^#. Fe-Al-^^. Ni7j;5-< 
N i-Co:7x9-f N i-Cu-Co7x9-f b 

[00 5 1 ] /j^t!)^-?.— v^^;k^-y^*^'XM^— hv--\'>- 

i^mzm!^^tLfz:ffy h' y;t'2to«3t^jii^ , 1216 tea 

[00 52] 5t-f\ Inllll (A) iZ9r:^tl^X5iZ, TJU 
2a. ;^Mx-bS^-v>'^SI52biJj;l^Wg|52c^^ 
o#{tL. mz. mmiB) l>z^^ti:i>J:oiz^ --y^ 
jU?t-/^^m-^^XhU-hi^-^y:^^2ht:. ^ -/ 

^■ff^<7)^)B^^x5i,z^ti\^zi±±{f, nmic) iz^-s- 

tl^J:di,Z^ XVV~h>'^y^^2hliZ—-/dr)V':?<y 
^« 3 4 SrffM-ri. . ^ -y ^<7)SiI{±. ^ >y ^ff^^^x 
^^,MWttMtSL^^^>.wt\ l^lia ( C ) w j: a t= 
>'-ry^'E@^i5-r>^)Hcffl< L. -tyi^y^'izmi^L^ 

[00 53] icoidtc:, :^yYV}V2t,zl,t. -ecoEfe 
*3 J; V"ffl:^rf6]coSfIff ttolSt , b;l^^' -fe ytf 5 1 J; -5 

^32hcr,9mi,z. m^Mco-^^^x^mMmx'hh- 

>y drMz2: -S. ;^ >y il 3 4 S:?^^ L/icOT', ;e?> h' y /t- 

2 coi^£iiM«tc*3{t-i> mMm^^i^-^^Jz^i^zi&m^ti^ 
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[0 0 54] H7i±, ^comiiiit-^coii(h,'0^coiS:m<D 
T . - drfV^ 'y 3 4 ti^mm^ixr V^-S i iOHJfi^J 

^S^L. «ltt{±. ;ifyKU;l'0!fi:tr[nico^«i»^^ix-f 10 
[0 0 5 5] <I(7)IIl7i^^>BHii3&>^rj;di:. - .y^r;i^;<-/ 

*!;3 3ksf • cmt^^^-^lftlt'h. --y^/L- 

^ df jg 3 4 ^ ^-r-s i (^mmm<nf]y y u )v 2 x-n. 
m-n\^<mmi-zw 0 t^aift-^coff js^. *«;3 . 3 k 

gf ■ cmii^rO. 1/1 0t:±1iMt:ffiii$tLfc, 
[00 56] iji^OHMMTid. ^> K U ;^ 2 iiOX h ^ 
~Viy^yi>^2\i{Z--/-tr)V^ •y^®34Sr?fMLT 20 
h;l^^-feV-9-5T'b;^^^^mtf.:{ttLi:'t. Mv^KU 

jvcoi^^iizii.. h)V9-^y^5i,zi.hV)V^cr,m\^m.m 

mmmuMz^m^ti^ i t . 

[0 0 5 7] :L(Di:ots:^\^¥^J}Vhh\Aiiy^y^n 

[0058] mm. m8iz7f:^tLi,m\'-^Y vMzmm 
Lxmm-t^ . ( A ) fijBn, iHiia ( B ) {s, 30 

)V3 scomyj^cowmizif-oxy^^s e ati^hju^^com 
t mmcommx'it , ^ -y ^ 3 7 twm.^ uti 

5 t oralco ^ U T ^ y XvO^M^:^ i i: 0 , ^<r)^V 

m::i^fV(7)^yii'-yyy^mit.mMm^^9:if^^t 40 

[0 0 5 9] -e^T. i(7)J^-^f{±. |l|9i^ilB|[l|t^ 
^n^Xol/Z. r-y>'jL4t{S. h/k^-fey-^f 5 0>^[S] 
fiB. -r^r*5*>. 1 SOJK-rtLfcfifitc. 11-3 5 (7) 

- -y 'y #M 3 7 <7M^i^tii-t^ fzibcrMW.-^ y 

-^t LTiOU-T3fiS-fe>-t?-3 S^ISftTioD. isO'J 
-Tififf -fe >'-tf 3 8 cTimi^JtcS-t^'V . - V -y ^ 

g 3 7 cornier, hjui^-^y^5 commm-^'&M 0 ta-ti: 

dizmm.Lxi^6. 

[0 0 6 0] HI Ofi. U-r3fitg-fe>'^f3Si5j;Wh 50 
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/vi'-ty-^scommim-co-i^-^ -i^i-'^-hThi'. v— 
Tiv^ ■y^m3i a-)U'itiii.m%mznmth^-tim% 

^ix. h;u-i5'-fe>'-if 5-c-{±. ')-TT5m^y^3 8X:m 

^^flfz-v'DVyi >y^S3 7(7)gp^<7){affi$- 1 8 OJK 
^ty'Lfzmm:. --/ir;V^'y^m3 7C0M'^X'h^t 

^L, ^tLi. -■y'>-f\^^'y^m3 7iOm^tLXm'0 

^^^rmmx'm»th ztt,zx'o. b/k^'ssra 

[006 1 ] 01 ifi, j&^}??^I.T%ob;i^i;?ffloS:ai^ 
mi9R-tyv3-^-r-hxh^. 

[0062] ^fe-f. - "/^;l^P< >y ^J13 7tmm.^tlX 

i-^^m^ji-^mi^-r^mm^^ib. j^cn^rnhz^-^x^cnm 

m^WjEL (Xx'yTnl) . ->/:>-;t/^v^B3 7C7) 

2) . $A>t. U:^ril£®-fey-^3 8T^ai§tl.:t:^"/ 

-y ^li 3 7 tfOSi^Ofiffl^ 1 8 O&^-rt-:, tT b 

;^'^^ry^f5^^)m:^:^K>93i^T•■m»t, m^MSV^ 
(X-f ■y7°n4) „ 

[0063] iJlitO^yilSi. U^Tififi-fey-f 3 8*5 i 
;W ^ -b y -^f 5 O tfj :^ X. ix S V ^ n rj y t J. 

[0064] ttz. ^wncom.cr,mmmt lx . y-y ^ 
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and correctly measure a torque impressed to a 
rotary tool by forming a magnetostriction layer at 
the outer periphery of the rotary tool. 

CONSTITUTION: A bush 4 with a through hole is 
set to a bush plate 15a of a table 15 carrying a 
work 3 to which a deep hole is to be formed. A 
magnetostrictive torque sensor 5 for detecting a 
torque to a gun drill 2 is fitted to the bush 4. 
The drill 2 is fitted to a spindle 8 via a chuck 
14 and moreover held by the bush 4 in a state to 
be able to freely rotate and reciprocate. The 
drill 2 has a nickel-plated layer 34 showing a 
large magnetostriction effect at the outer 
periphery of a straight shank part which is an 
area where the sensor 5 detects the torque when 
the drill rotates and reciprocates in the axial 
direction. Therefore, the magnetic nonunif ormity 
at the detecting area is greatly reduced, and 
irregularities of detecting signals subsequent to 
the reciprocation of the drill are diminished. The 
torque of the drill 2 can be measured correctly. 
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